elements of G are called objects, those of M attributes. For (g,m) € / we write glm and read it: the object g has the attribute m. A small context can convenient be represented by a cross-table whose rows are labeled with objects, columns with attributes, and in which there is a cross in row g and column m iff glm. For a given context Κ = (G, M, I) we define for A Ç G and Β CM A 1 := {m G M\glm for all g ζ A) and B 1 := {g £ G\ glm for all m £ B} .
Instead of {x} 1 we simply write x 1 for χ £ G or χ £ M. The two operators Α ι-»· A 1 and Β ι -• B 1 form a Galois connection between the powerset lattices ©(G) and ©(M), and the two compositions A »-> A 11 and Β ι-> B 11 of these operators are dually isomorphic closure operators on G and M, respectively. 
y(A t ,B t )=(((jA t y\f)B t ).

teT teT teT
Moreover, every complete lattice V = (V, <) is isomorphic to the concept lattice of some suitable context, in particular, V = 93(F, V, <) [10] .
Galois connections as concepts
In this section we interpet the Galois connections between ordered sets as concepts of a context. Let (Ρ, <p) and (Q, <q) be two ordered sets. We now construct a context (Ρ X Q, Q χ Ρ, I) by defining, for all x,y £ Ρ and u,v eQ,
(x,v)I(u,y) (x <p y & u <Q v).
The relation I can be easy generated from the ordered sets. For an object and for an attribute (q,p)
where (x] and [y) denote the principal ideal generated by χ and the principal filter generated by y in the ordered sets, respectively.
THEOREM 1. Let (P, <p) and (Q, <q) be ordered sets and let the context (Ρ X Q,Q Χ Ρ, I) be constructed as above. Suppose that φ \ Ρ -* Q and φ : Q -• Ρ are mappings. Then the pair (φ,φ) is a Galois connection between (P,<p) and (Q,<q) iff (φ,φ) is a concept of the context (Ρ X Q,Q Χ Ρ, I). (Here a mapping Ψ : X -• Y is also understood as a subset Ψ = {(χ, !Ρ(χ))| χ e X} C X xY.)
Proof. Assume that the pair (φ,φ) is a concept of the context (Ρ X <3, <2 Χ Ρ, I). Then we have
that means, by the construction of I, p <P ip(q)) <*q<Q ψ(ρ) for all ρ e Ρ, q e Q, but this equivalence is just the characterizing condition (gc4) for a Galois connection between P,<p) and (Q,<Q).
Conversely, if (φ,φ) is a Galois connection, then we have, by the construction of I, (ρ, φ(ρ))ΐ^, i>(q)) for all ρ e Ρ, q ζ Q . From this it follows that φ Ç φ 1 and φ Ç φ 1 . Now, we show that (φ,φ) is a concept of the context Ρ X Q,Q Χ Ρ, I).
or equivalently, ρ <p φ(q) -ΦΦ· q <q q. This implies Ρ i>(q) and therefore, by the condition (gc4), also q <Q φ(ρ). On the other hand, it follows from (φ(ρ),Φ(ρ))) G φ that (p, ÍMvíjO.ÍKVÍIO)).
i.e.
ρ <ρ Φ(φ(ρ))
φ(ρ) -Q q · By the condition (gc3), we get φ(ρ) <Q q. Therefore, q = φ(ρ) is true. This shows (p, q) = (ρ, φ(ρ)) G φ. So, we have φ = φ 1 . Analogously, one can prove φ = φ 1 . Thus, the pair (φ, φ) is a concept of the context (Ρ X Q,Q χ Ρ, I).
• A similar manner of the interpretation in this Theorem appears in an author's earlier paper [3] in which the (fixed point free and) order-preserving self-mappings of an ordered set were characterized as concepts of a context. Using this characterization, a practicable algorithm for determining if a given finite ordered set has the fixed point property was given.
Contextual Galois connections
In this section we introduce, as a natural generalization of Galois connection between ordered sets, the contextual Galois connection between contexts, and then we show that every contextual Galois connection between two contexts can be uniquely extended to a Galois connection between the concept lattices of these two contexts. This implies immediately a result of Shmuely [8] that every Galois connection between ordered sets can be uniquely extended to a Galois connection between their Dedekind-MacNeille completions [1, 4] Proof. The implication (2) (1) follows immediately from the definition of J. Now, we show (1) =ί» (2) . Assume that (£, η) is a contextual Galois connection between Ki and K2. Then, by the definition of J, we get ξ Ç η· 7 and η Ç ξ· 7 .
. Since K2 is purified, n = £(<7) follows. Therefore, (g,n) = (<7, £(<7)) G ξ. Thus, we have proved ξ = η 3 . The other equation 77 = f J can be analogously shown. And this yields the statement (2). The proof is completed.
• 1 * is true for all subsets A Ç Gì and C Ç G 2 , then it is also true for the special subsets A = {5} (g G Gì) and C = {/ι} (h G G 2 ). Therefore, we have {5} Ç η^Υ 1 
Proof. If the equivalence
A Ç τi(C) h O C Ç ξ(Α)
{h} C £(g) h , this is equivalent to gltf(h) hl 2^( g). The last one is just the definition for the contextual Galois connection (ξ, η).
Conversely, let (£, 77) be a contextual Galois connection between Let (P, <p) be an ordered set. Then the Dedekind-MacNeille completion of it is the concept lattice ©(P, P, <p), and, by i(p) := ((p],[p)), an order embedding t of (P, <p) into 2Î(P, P, <p) is defined [3] . Shmuely has proved that every Galois connection between two ordered sets (P, <p) and (Q, <Q) can be uniquely extended to a Galois connection between their DedekindMacNeille completions [8] . We will now show that the similar observation can be made for contextual Galois connections and get the Shmuely's result as a special case of the following Theorem 3. For this we need at first some notations and known results.
. Call 7(g) the objectconcept with respect to the object g and μ(τη) the attribute-concept with respect to the attribute TO. If the context (G, M, I) is purified, the mappings g ι-»· 7(0) and m, μ(πι) are injective and we can identity g with 7(g) and m, with μ(τη), respectively. Without proof, we recall the following Lemma that describes the characterization of Galois connections between complete lattices [7] . . By Lemma 1, the last equivalence is true. Now, we show the Galois connection (ψζ, φ η ) is an extension of (£, η). For g G Gì we have
Obviously, ç( g hiι)/2 ς f oUows from G ((ghhy On the other hand, with h, G £(fif) Í2 we have g G η{Κ) Ιλ is an extension of (ξ,η). The uniqueness of the extension can be shown by using Lemma 2 and the fact that Then it is easy to verify that the pair ηψ) is a contextual Galois connection between Ki and K 2 and that (ιρ, φ) is the unique extension of (ξ φ , η φ).
•
Characterization of Galois connection between concept lattices
Galois connections between complete lattice were interpreted by G-ideals. We recall here some results from [8] . Let (V, <) and (VF, <) be complete lat-
It is easy to see that (gi2) yields (Oy, Ιν^),(Ιν,Ονκ) e J. In [8] it was shown that the set of all CMdeals of (V χ W, <), ordered by the set inclusion, forms a complete lattice which is isomorphic to the complete lattice of all Galois connections between (V, <) and (W, <). The relationships between G-ideals and Galois connections can be described as follows: For a Galois connection In order to judge whether a subset J Ç V X W is a G-ideal we should check that, firstly, J is indeed an order ideal of direct product and that, secondly, every subset of J is compatible to the V -A an d Λ -V construction. This is obviously not easy to do even for finite lattices. In this section we will give a new interpretation of Galois connections between complete lattices by considering concept lattices. This interpretation follows by introducing Galois bonds and Galois relations between contexts which should be conveniently treated on the context plane, especially for the finite case.
Let Κχ = Mi, Ii) and K2 = (G2, M2,12) be contexts. A pair (/i2,Ì2i) of relations Τχ2 Ç Gì Χ M2 and I21 Ç G 2 X Mi is said to be a h is satisfied. The word "bond" has appeared in a Wille's paper on complete subdirect product construction of concept lattices in which a bond from Κχ to K2 is defined as a subset J Ç G χ Χ Μ2 such that g 3 is an intent of K2 (g € Gi) and n J is an extent of Κχ (η G M2); i.e. the extents of the context (Gì, M2, J) are extents of (Gi, M\, I\) and the intents of the context (Gi,M 2 ,J) are intents of (G2,M2,h) [11] · We call here the pair (/χ2, hi) weak Galois bond between Κχ and K2, because the Galois connections between 2$(Κχ) and ®(K2) can be characterized by such pairs. By WGB = WGB( K 1} K 2 ) we denote the set of all weak Galois bonds between K x and K 2 , and by GC = GC(®(K 1 ),®(K 2 )) the set of all Galois connections between ®(Ki) and !Β(Κ?). Two order relations can be defined on the sets WGD and GC, respectively, as follows: It is well-known that the set GC is a complete lattice with respect to the order relation defioned above. For the set WG Β we have the following Theorem.
So, the pair (Ι φ ,Ιψ) is a weak Galois bond between Çx and C 2 . Moreover, it follows that for (A,B) G »(Κχ) and (C, D) G £(K 2 ) ψ(Α,Β) = <p( V (g
THEOREM 5. The set WGB is a complete lattice with respect to the order relation defined above.
Proof. The pair (0,0) G WGB is obviously the smallest weak Galois bond. By the definition, it is easy to show that the supremum of a subset {I[ 2 ,P 2l )I ieT}C WGB is given by
In Theorem 4 the relationship between the complete lattices WGB and GC is established. In fact, we can define two mappings between them as follows:
Îhat means that the mapping Γ is surjective, i.e. r(WGB) = GC.
THEOREM 6. The pair (Γ, Σ) is a Galois connection between the complete lattices WGB and GC.
Proof. What has to be proved is that for any (Ii 2 ,/ 2 i) € WGB and 
That shows /χ 2 Ç Ι ψ . The equivalence hi Ç Ι-ψ & Ψ < Φι 2 1 can be similary verified.
• Since (Γ, Σ) is a Galois connection between WGB and GC, the two compositions Γ Σ and ΣΓ are closure operators on GC and WGB, respectively, and then the coresponding closure systems T(WGB) = GC and Σ(GC) are dual isomorphic lattices. We call now the elements from E(GC) the Galois bonds between Κχ and K2, that are those weak Galois bonds which are images of the mapping Σ. Denote the set of all Galois bonds between Κχ and K 2 by GB = GB(KX,K 2 ). Then we have • ieT Now, we give some equivalent conditions for Galois bonds. Conversely, assume that the weak Galois bond (Iu,hi) satisfies the conditions (1) It is known that each mapping (ψ or φ) in a Galois connection (φ, ψ) can be uniquely determined by the other. In some case one considers only one mapping from them and speaks about Galois mappings and tensor products of complete lattices [8, 9] . The similar situation appears also for Galois bonds between contexts. It is easy to see that the conditions (grl), (gr2) and (gr3) can be conventiely checked on the context plane. So we have a more efficient description of Galois connections between complete lattices than the description by G-ideals.
Finally, we will given an example. We take two contexts Κχ and K2 and consider the corresponding concepts lattices ®.(Κχ ) = and ®(K 2 ) = M3 (see fig. 1 ). The extents of Κχ are subsets 0, {3}, {1}, {1,2} and {1,2,3} of Gi, the intents of K2 are subsets 0, {d}, {e}, {/} and {d, e, /} of M2. Firstly, we choose arbitrarily an intent of K2 as 3 /l2 , say 3 il2 := {d}. Since here the intent 3 Jl = {c} of Κχ is incomparable with the intents l^1 = {a, 6} and 2 il = {6}, we can arbitrarily choose 2 /l2 := {d, e,f}. Because of 2 Jl Ç l 71 and the conditions (gr2) and (gr3) we can only take {d, e, /}, {e} or {/} as l il2 . If we choose l il2 := {e}, then we get a Galois relation /χ2 Ç G\ Χ M2 between Κχ and K2 which stand as a contect (G\,M2,I\2) in fig. 2 right above. The context (G2, Μι, I21) standing in fig. 2 left below describes the unique relation I21 Ç G 2 X Mi such that the pair I\2,h\) is a Galois bond between Κχ and K2. The other 40 Galois relations between Κχ and K2 are in fig. 3 , and the complete lattice of all 41 Galois realtions between Κχ and K2 is drawn as a nested line diagram [12] in fig. 4 .
